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CRANE ELECTRICIAN REV 02 STUDENT GUIDE

INTRODUCTION

Crane
Electrician

WELCOME AND OVERVIEW

Welcome to the NAVFAC P-307 Crane Electrician
course.

NAVFAC P-307

In this training course you will review the basic
concepts and principles of electrical theory and
electrical safety as well as various regulatory requirements that may impact electrical
work on cranes such as those found in the National Electrical Code. You will be
introduced to methods and techniques to safely and correctly perform maintenance,
troubleshooting, and repair of electrical components like generators, alternators, motors,
and controllers. You will be able to identify the different types of test equipment used
when performing this type of work. Finally, you will learn about several kinds of
fasteners, their applications, and the techniques used for their proper installation.

COURSE OBJECTIVES

The overall objective of Crane Electrician is to acquaint electricians with Navy
requirements for the safe electrical maintenance of Navy cranes and provide a
knowledge base on which to build upon with on-the-job experience.

COURSE MODULES
To support the objectives of this course and efficiently and effectively cover all the

required information, this presentation is divided into fourteen parts, or modules. Each
module title is listed below and includes:

Lockout-Tagout

Crane Electrical Safety 1, 2 and 3
DC Motors

DC Generators

AC Motors

Alternators

Controllers

National Electrical Code 1, 2 and 3
Fasteners

Electrical Test Instruments.
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NOTES
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HAZARDOUS ENERGY SAFETY

Welcome
Welcome to the NAVFAC P-307 Crane Mechanic training module: Hazardous Energy
Safety.

Hazardous Energy Safety Intro

What is hazardous energy? Hazardous energy is any source of energy (electrical,
mechanical, thermal, kinetic and pneumatic) that can be hazardous to workers when
discharged from a stored energy source. Failure to control the unexpected release of
energy can lead to machine-related injuries or fatalities. The risk from these sources of
energy can be controlled in a number of ways, including lockout-tagout policies and
procedures.

Objectives

Upon successful completion of this module, you will be able to define hazardous
energy. You will know what questions to ask yourself to determine if you are fully trained
and qualified to perform hazardous energy work. You will become familiar with several
OSHA, NFPA, and Navy standard requirements. You will be able to explain the basic
concepts of lockout-tagout. You will be able to define a qualified worker, authorized
worker, and affected worker.

Hazardous Energy Safety Work Hazards

How to identify the hazardous energy in your What type of Hazards are on
worksite? your worksite?

Here are some examples, both general and

specific, of the types of questions you may want to Hazardous

ask yourself before starting work.

Is there any electricity present? Is there pneumatic
energy present? Is there kinetic (stored) energy = Energy
present? Is there any other type of stored

hazardous energy? If | disassemble this &
component, will there be any spring tension or A

pressure released? Before | release this brake is

there an additional measure (second brake, tie

back, bar in the drum, spud or wind lock, etc.) | can employ to prevent uncontrolled
movement (of hoist, boom, rotate, etc.)? What could happen if | disassemble a

component without control measures in place?

Is there any special PPE, tooling, guarding, training or procedures, supervision, etc.
needed to mitigate the risks associated with accomplishing this type of work?
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Qualified and Unqualified Persons

Crane mechanics work on many types of cranes.

Most cranes have electrical systems that use either a
AC, DC, or both AC and DC. Mechanical personnel o
may work on mobile crane electrical systems. Most
mobile cranes contain less than 50 volts.
Regardless of the type of crane, work on any
system 50 volts or greater, requires a qualified
person (i.e., electrician). Crane mechanics working
on cranes with 50 volts or greater are normally not NEPA 70E
qualified to perform work on these types of electrical | aeaca sy
systems. Working on systems with less than 50 e o
volts does not require the same energy controls.

You can refer to the NFPA 70E, article 130.2 (A) 3

for equipment operating at less than 50 volts. A

gualified electrician is required when working on any electrical system that is 50 volts or
greater. Your activity will determine who is qualified.

A qualified person is one who has received training in, and has demonstrated skills and
knowledge of, the construction and operation of electrical equipment and installations
and the hazards involved, and how to mitigate the electrical hazards of working on or
near exposed energized parts.

An unqualified person is one who has received little or no training in these types of
electrical hazards and does not possess the knowledge, skills, and abilities to work on
these types of electrical systems.

Your activity determines who is qualified to perform work assignments.

Lockout/tagout (LOTO)

Lockout/tagout (LOTO) is a safety process used to secure
potentially hazardous energy on machinery, equipment, or
systems. It requires that hazardous energy sources be "isolated
and rendered inoperative" to prevent the uncontrolled release of
energy, prior to beginning maintenance or repair work. The
hazardous energy sources are isolated, locked and tagged out in
the proper position. The locks used identify with the worker that
placed the lock on the isolation point. The worker holds the key to
the lock and removes the lock when the work is complete. When
lock(s) and tag(s) are removed, the system may be returned to
normal operation. This prevents accidental release of hazardous
energy or the potential start-up of a machine while maintenance is

being performed.

Lockout/tagout is performed by authorized employees. Authorized employees are
trained and knowledgeable on the equipment and system that they are working on.
They understand the importance of lockout/tagout and they are authorized per the
activity to install locks and tags. The activity determines who is an authorized employee.
What are affected employees?
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Affected employees are those personnel who may be affected by the action of a
lockout/tagout. This includes employees who normally operate or use the equipment or
system that is going to be locked out or tagged out while maintenance is being
performed. For example, personnel who use cranes as a tool to perform their everyday
work and may be impacted (or affected) by a lockout/tagout.

Disconnecting or making the equipment safe involves the removal of all energy sources.
This is commonly referred to as isolation. For example, mobile crane battery
disconnects isolate the battery’s energy from the crane’s electrical system and may be
considered an isolation point. The steps necessary to isolate equipment are often
documented in an isolation procedure or a lockout tagout procedure. The isolation
procedure generally includes the following tasks:

* a. Announce shut off (warn affected employees)

* b. Identify the energy source(s)

* C. Isolate the energy source(s)

* d. Lock and tag the energy source(s)

* e. Prove that the equipment isolation is effective or it has reached a zero energy state.

Each activity shall establish, document, and implement a lockout/tagout program. The
lockout/tagout program shall specify lockout/tagout procedures to safeguard workers
from exposure to hazardous energy and the accidental release of these energy sources.

Standards and Procedures

There are several high level directives that must be
followed which we will briefly discuss. Bottom line is that
you will follow the local instructions, standard operating
procedures (SOP), and original equipment manufacturer
(OEM) manuals provided by your activity, etc.

The OSHA standard for the Control of Hazardous
Energy (lockout/tagout) is found in 29 CFR 1910.147.

d on energy control
t 1910.331 - 333

ard on de-energlzation

CFR 19101 790 2)0)<)

0€ Electrical Safety Work Practices

tiche 130 2(3) work practices < S0 volts

rondards see OPNAVINST 510023

———

This standard addresses practices and procedures
necessary to disable machinery and prevent the release
of potentially hazardous energy while maintenance or
servicing activities are performed.

Other OSHA standards that contain energy control
provisions are 29 CFR 1910.331, .332, and .333. In addition, some standards relating to
specific types of machinery that contain de-energization requirements include 29 CFR
1910.179 () (2) (i) (c) which requires the switches to be "open and locked in the open
position" before performing preventive maintenance on overhead and gantry cranes.
The provisions of Part 1910.147 apply in conjunction with these machine-specific
standards to assure that employees are adequately protected against hazardous
energy.

NFPA 70E addresses electrical safety work practices and is widely considered as the
standard for Electrical Safety in the Workplace. This standard focuses on practical
safeguards that also allow workers to be productive within their job functions. NFPA 70E
Article 130.2(3) provides the work practices on systems or equipment with less than 50
volts.
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The Department of the Navy issued OPNAVINST 5100.23, which includes Prevention
and Control of Workplace Hazards, Energy Control Program (LOTO) and Weight
Handling Equipment.

Summary

Use caution when working on or near systems or components that may contain
hazardous energy.

Your activity provides the training necessary for employees to perform the work they are
assigned. Always check with your supervisor to ensure you have the proper training,
gualifications and tools to perform that work as well as any required safety checks and
procedures.

Local safety policies, OEM manuals, SOPs, work documents, etc., developed by or for
your activity will most likely have all the higher-level OSHA, Navy, and industry
requirements built-in. Your local instructions and work documents should provide all the
necessary rules, regulations, definitions, and restrictions that you need to know for the
work you perform. Your safety office, supervisor, engineering or Inspection and QA
offices should have these documents and references available.

Knowledge Check

The next several screens contain questions relating to the covered material. Check your
comprehension of the course content by answering these questions.

1. True or False. Failure to control the hazardous energy can lead to machine related
failures or fatalities.

A. True
B. False

2. Select all that apply. Job work hazards include which of the following?

A. Electricity

B. Pneumatic

C. Kenetic

D. Spring Tension

3. Select all that apply. What are attributes of a qualified person?
A. Received training
B. Demonstrated skills and knowledge of equipment
C. Familiar with hazards involved
D. Activity will identify who is qualified

4. True or False. A unqualified person is one who has trained and possess knowledge,
skills, and abilities of the work that is being performed.

A. True
B. False
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5. Select all that apply. Lockout/tagout (LOTO) is a safety process used to secure
potentially hazardous energy ...

A. By preventing the uncontrolled release of energy, prior to beginning work

B. When hazardous energy sources are isolated, locked, and tagged in the proper
position

C. And is performed by authorized employees

D. When locks and tags are removed, the system may be returned to normal
operation

6. True or False. No activity shall establish, document, and implement a lockout/tagout
(LOTO) program.

A. True
B. False

7. True or False. Lockout/tagout (LOTO) programs shall specify LOTO procedures to
safeguard workers from exposure to hazardous energy and the accidental release of
these energy sources.

A. True
B. False
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LOCKOUT/TAGOUT

LEARNING OBJECTIVES

Upon completion of this module you will be able to:

e Define Lockout/Tag-out

Understand basic Lockout/Tag-out procedures

Recognize when they are required

Know the difference between affected and authorized personnel

Control potentially hazardous energy

Identify Lockout/Tag-out devices

e Understand basic procedures for re-energizing systems when lockout tag-out is no
longer required.

OVERVIEW
The purpose of the lockout/tagout system is to control hazardous
energy and prevent injury to personnel.

Lockout procedures are a principle means of controlling energy
hazards. A lockout procedure is a set of safe work practices and
rules that makes it impossible for a worker to come into contact
with an uncontrolled energy source.

WHAT? The lockout procedure blocks the flow of energy from a power source to a piece of equipment
and keeps the power source blocked.

WHY? Every year people are killed in accidents resulting from unexpected start up or energizing of
equipment.

HOW? Notify all employee who may be affected. Disconnect and remove energy. Lockout and tagout
energy. Ensure energy does not affect workers during service or maintenance.

Personnel Involved

Affected employees are those who work in the area of the
equipment or system that will be locked out or tagged out. An
affected employee has no authority to install or remove
lockout/tag-out devices or tags.

Authorized employees are the only personnel who are approved to perform lockout/tag-
out procedures. They are authorized to perform these procedures to place the
components or systems, which they will be servicing, in a safe condition.
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When required?
Lockout/tagout procedures are required when the safety of personnel may be affected
by hazardous energy during servicing and maintenance of WHE.

Lockout/tagout procedures shall conform to OPNAVINST 5100.23 and shall have the
concurrence of the activity safety office.

Lockout/tagout procedures are required when any: guard or safety device is removed or bypassed; body
part is placed in a point of operation; unprotected body part is placed in a panel with exposed electrical
conductors; or when an associated danger zone exists during operation.

Exceptions:

Minor adjustments or servicing, for example the idle (rpm) adjustment to an engine that requires the
engine to be running, or lubrication services

Hazardous Energy
Hazardous energy may include all of these sources around your workplace.

Electrical

Pressurized liquids and gases
Hydraulic

Pneumatic

Kinetic Energy — blades, belts, and fly wheels. Energy that keeps an object moving after power supply is
cutoff.

Potential Energy — raised loads, counterweights, springs, capacitors, accumulators

ENERGY ISOLATING

Energy Isolating Devices
Energy-isolating devices disconnect or shut down the energy source to the equipment
that must be serviced.

Acceptable energy isolating devices: manually operated circuit breaker, manually operated switch,
disconnects load conductors from all ungrounded supply conductors, no pole can be operated
independently, disconnect switch, line valve

Unacceptable energy isolating devices: push buttons, selector switches, other control circuit type devices.

Why are the examples unacceptable? Because they can be operated by anyone and they do not lockout
without attaching additional devices.
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Lockout
The preferred method to prevent hazardous energy from injuring personnel is lockout.
Lockout means locking an energy isolating device in a safe position.

What is lockout? The locking an energy isolating device in a safe position. Locked off or in a
disconnected position. Ensures equipment cannot be operated.

When is lockout used? Energy isolation devices shall be locked unless it is not capable of being locked
or if the employer can demonstrate that the use of a tagout system will provide the same protection as a
lock.

Devices: are only used for controlling energy; they are provided by the employer; only authorized
employees can perform lockout/tagout.

Tagout
Tagout is the placement of a tag on an energy isolating device.

What is tagout? The placing of a tag on an energy isolating device. It identifies who is working on the
equipment and indicates that the equipment may not be operated.

When is tagout used? When an energy isolating device is not capable of being locked out.

Devices: must be standard throughout facility, clearly and uniquely marked, and identifiable.

Device Requirements
Lockout/tagout devices must meet these requirements.

Only used for controlling energy

Provided by the employer

Standard throughout the facility

e Clearly and uniquely marked

e |dentifiable
o Labeled to identify the person installing the device

e Only one person can use the device

e Only removed by the person who installed the device
e Substantial

e Prevents removal

e Durable
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PROCEDURE

Lockout/Tagout Procedures

The lockout/tagout system includes three fundamental procedures: 1) preparing for the
lockout/tagout, 2) executing the lockout/tagout, and 3) re-energizing the equipment or
systems.

1. Preparing for lockout/tagout: notify affected employees; prepare for shutdown; shut down the
equipment

2. Executing lockout/tagout: isolate the equipment, apply the device (lockout/tagout), relieve stored
energy; mitigate arc flash potential; verify isolation

3. Re-energizing equipment or systems: prepare site for re-energizing; ensure safety of personnel,
remove devices; issue warnings and notify others

PREPARING FOR LOCKOUT/TAGOUT

Lockout/Tagout Procedures
There are three steps in preparing for the lockout/tagout.

Step 1
Notiy affected employees Wher Step 1: Notify affected employees. These are the people who use the
equipment. Notify everyone in the affected area.
brepare for shutdown _/energy  StEP 2: Prepare for shutdown. Identify and locate all energy sources.
Sources? Check for alternate energy sources. ldentify and locate all energy isolation
devices.
Step 3

Shut down the equipment

Step 3: Shut down the equipment. Use procedures established for the
equipment. Proper shutdown helps avoid additional or increased risks.
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EXECUTE LOCKOUT/TAGOUT

Executing

There are five basic steps when executing lockout/tagout procedures. Remember to

always follow your local policies and procedures.

Step 1: Prepare for shutdown (step 2 on the screen)

Identify and locate all energy sources sten
Check for alternate sources Isolate the equipment

Identify and obtain proper energy isolation devices
Identify and locate any stored energy

Step 2: Isolate the equipment (step 1 on the screen)

How"/

¢ lockout and isolate or shutdown all energy sources L

Prepare for shutdown

Step 3: Apply the device
¢ Locks and tags shall be attached to each energy isolation device

How?

¢ Must hold the device in the “safe” position Step 3

e Tags should clearly indicate operational restrictions Applying the Device
e Tags should be located at the same point a lock would be attached

Step 4: Relieve stored energy
¢ Release or restrain stored and potential energy

\f
How?

¢ Block up/suspend affected parts or components (secure) Step 4

Relieve stored energy

Step 5: Verify isolation
e Test equipment to see if it operates and to ensure energy isolation is

How?

satisfied p—
o Attempt to start equipment using normal start-up procedures T s

¢ Continue to release stored energy is re-accumulation is possible
¢ Return controls to the required position after verification is performed

Note: Although the requirements for lockout/tagout may be satisfied, additional safety
requirements may need to be employed prior to the start of work, for example, arc flash

requirements.
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Special Considerations

On the next few screens, review and follow any special
considerations when performing lockout/tagout, such as the
application of lockout devices and tags and the
accomplishment of a group lockout/tagout.

Applying Devices
The lockout/tagout device must ensure that it holds the isolating
device in a safe or off position.

Applying Tagout Devices

If only tagout is used, for example no locking device, the tag must be attached
so that it clearly indicates that operation or movement of the energy isolating
device is prohibited.

It must be attached at the same point where a lock would have been attached.

If the tag cannot be attached directly to the energy isolating device, attach it as close as safely possible in
a manner that is immediately obvious to anyone attempting to operate the device.

Performance by Group

When lockout/tagout procedures must be performed by more than one
person, each worker is required to attach their own personal
lockout/tagout out device. One person shall be responsible to oversee
the procedure.
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RE-ENERGIZE

Re-energizing

The final procedure in the lockout/tagout system is to re-energize the equipment or

systems. There are four steps to accomplish this.

Step 1: Prepare to re-energize
¢ Remove all non-essential items such as tools and parts
e Ensure equipment and components are operationally intact
e Verify controls are in neutral

Step 2: Ensure safety of personnel
¢ Notify all affected employees
e Ensure personnel are in a safe position or removed from the area

Step 3: Remove devices
¢ Authorized employees shall remove lockout/tagout devices
e Remove any blocking or lashing installed for the control of potential
energy

Step 4: Issue a warning:
e Warn affected employees that the equipment is about to restart

SUMMARY

Lockout/Tagout Review
Review the summary for lockout/tagout systems.

What: